Fluid compositions
He and Ar isotopes correlate, and can be modelled as mixing between a high 3He-high 4~ 'magmatic' fluid and modified air saturated water (asw) that had atmospheric Ar (4~ = 295.5), but radiogenic He (3He/4He = 0.001 Ra, where Ra = 1.39 x 10-6; Fig. 1 ). Modern groundwaters commonly have He and Ar characteristics similar to the modified asw fluid, and it is likely this fluid represents an ancient groundwater. A separate modified asw fluid, characterised by higher He/Ar ratios and atmospheric 4~ is involved in the genesis of two of the deposits (Zhenyuan and Mojiang) (Fig. 2) . The excellent correlations in He and Ar isotope space (Figs. 1,2) makes it possible to constrain endmember fluid compositions prior to mixing in the hydrothermal system.
The first groundwater had 4He excesses of ~ 4 x 10 -5 cm 3 STP g-l H20. This would require ~ 5 Ma to accumulate in typical crustal rocks. The absence of excess 4~ constrains the fluid temperature to < 200~
The magmatic fluid had a 3He/4He ratio of 1.23 Ra prior to mixing with modified asw. This 3He/4He is significantly lower than potential mantle He sources (which likely had 3He/4He of 6 -8 Ra). It appears the relationship, Turner and Stuart (1992) showed that the He/heat ratios of fluids trapped in hydrothermal vent minerals were similar to fluids emanating from the vent. Assuming fluid inclusion homogenisation temperatures in coexisting quartz are representative of fluid temperature, 3He/Heat ratios can be estimated. 3He/ heat ratios in fluids trapped at Daping (0.5-29 x 10 -1 2 c m 3 STP j -i ) are consistent with direct injection of magmatic volatiles into the hydrothermal circulation. However, 3He/heat in Zhenyuan and Mojiang fluids was considerably lower (0.06-0.6 x 10 -12 cm 3 STP j-l). Furthermore, the enthalpies of these fluids correlate with the second, high [4He] groundwater (Fig. 3) . There was no direct injection of magmatic volatiles in the Zhenyuan and Mojiang hydrothermal systems, but the heat was transported into the system by low enthalpy, high [4He] groundwater fluids.
